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ABSTRACT
We present new Hubble Space Telescope images of the gravitational lens PKS 1830–
211, which allow us to characterize the lens galaxy and update the determination of the
Hubble constant (H0) from this system. The I-band image shows that the lens galaxy
is a face-on spiral galaxy with clearly delineated spiral arms. The southwestern image
of the background quasar passes through one of the spiral arms, explaining the previous
detections of large quantities of molecular gas and dust in front of this image. The
lens galaxy photometry is consistent with the Tully-Fisher relation, suggesting the lens
galaxy is a typical spiral galaxy for its redshift. The lens galaxy position, which was
the main source of uncertainty in previous attempts to determine H0, is now known
precisely. Given the current time delay measurement and assuming the lens galaxy
has an isothermal mass distribution, we compute H0 = 44 ± 9 km s
−1 Mpc−1 for an
Ωm = 0.3 flat cosmological model. We describe some possible systematic errors and
how to reduce them.
Subject headings: quasars: individual (PKS 1830–211)—gravitational lensing—cosmology:
distance scale
1. Introduction
Although the Hubble Space Telescope (HST) Key Project to Measure the Hubble Constant has
been successfully completed (Freedman et al. 2001), it is important to pursue completely different
methods of determining the Hubble constant (H0). Independent methods provide a consistency
check, and may eventually surpass the 10% accuracy of the local distance-scale methods employed
by the Key Project. It is also important to measure the expansion rate directly at cosmological
redshifts, in case the Galaxy is in a locally underdense or overdense region (see, e.g., Wu et al.
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1995). These goals will grow in importance in the coming years due to the degeneracies in analyses
of cosmic microwave background anisotropies between many cosmological parameters and H0 (e.g.,
Bond et al. 1994; Eisenstein, Tegmark, & Hu 1998).
A promising approach to determining H0 that is independent of the local distance scale uses
gravitational lens time delays (Refsdal 1964; for recent summaries see, e.g., Schechter 2000, Koop-
mans & Fassnacht 1999). This method is ultimately limited by systematic uncertainties in the
mass models of the lens galaxies, but a necessary first step is to obtain the basic observational
constraints—astrometry, photometry, and redshifts of the lens and source—for the systems with
measured time delays.
For the gravitational lens PKS 1830–211, this has been especially challenging because the
system is near the Galactic plane (b = −5.◦7). As a result, most of the information has come from
radio and infrared observations. Rao & Subrahmanyan (1988) suggested it was a lens due to its
radio morphology. Subrahmanyan et al. (1990) and Jauncey et al. (1991) provided more conclusive
evidence; the system has two bright point sources (NE and SW) embedded in a fainter Einstein ring.
Strong molecular absorption features were detected at zl = 0.886 (Wiklind & Combes 1996; Gerin
et al. 1997), largely in front of SW (Frye, Welch, & Broadhurst 1997; Swift, Welch, & Frye 2001),
and presumably due to the lens galaxy. Lovell et al. (1996) found za = 0.19 H I absorption in front
of NE, of unknown provenance. Lovell et al. (1998) measured a time delay of 26+4
−5 days between
NE and SW at 8.6 GHz. By deconvolving ground-based infrared images, Courbin et al. (1998)
detected the quasar images and found hints of the lens galaxy. Lidman et al. (1999) determined
the quasar redshift of zs = 2.507 by infrared spectroscopy. From the presence and structure of the
molecular absorption system, Wiklind & Combes (1998) argued that the lens galaxy is probably a
spiral galaxy seen nearly face-on, which is consistent with the large differential extinction between
NE and SW (∆EB−V ≈ 3) observed by Falco et al. (1999). However, although Leha´r et al. (2000)
detected the lens galaxy in H-band and shallow I-band HST images, they could not determine
its position or structure accurately. These authors found that the uncertainty in the lens galaxy
position dominated the uncertainty in the value of H0 inferred from the time delay.
In this paper we present new HST optical images that confirm the lens galaxy is a face-on
spiral galaxy, and allow its position and optical magnitudes to be measured accurately. These
data are discussed in § 2. In § 3, we place the lens galaxy on the Tully-Fisher relation using the
HST photometry and two different estimators of the galaxy mass—one from the lens geometry,
and one from the velocity shift measured by Wiklind & Combes (1998). In § 4, we incorporate our
measurement of the position of the lens galaxy into a simple lens model to arrive at an updated
estimate of H0. We also discuss systematic errors and compare our model with previous models.
Finally, in § 5, we summarize our analysis and discuss the prospects for reducing systematic errors
in H0 from this system.
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2. Observations and data reduction
PKS 1830–211 was observed with HST/WFPC25 on 2000 September 25 with the F814W
filter, using 4 dithered exposures, for a total integration time of 4800 s. On 2001 July 11 it was
observed with the F555W filter, using 3 dithered exposures, for a total integration time of 2000 s.
In both cases PKS 1830–211 was centered on the PC chip. We cross-registered and combined the
exposures, and rejected cosmic rays, using the Drizzle algorithm implemented in IRAF (Fruchter
& Hook 2002).
Figure 1 shows the F814W (hereafter “I-band”) image. The lens galaxy, labeled G, is a
nearly face-on spiral galaxy (probably an Sb or Sc). The bulge of the galaxy is detected with high
significance and is compact. The expected location of SW is covered by one of the spiral arms.
Object S1 is an M star identified by Djorgovski et al. (1992), and G2 is a galaxy identified by Leha´r
et al. (2000). Inset in the upper right corner of the image is a contour map of G, based on the same
data, that shows the western spiral arm more clearly than the grayscale image. Figure 2 shows the
F555W (hereafter “V -band”) image. In this image the bulge of G is only marginally detected.
To measure the position of G relative to NE, which is the crucial quantity for modeling pur-
poses, we used software written for the Center for Astrophysics–Arizona Space Telescope Lens
Survey (CASTLES; see, e.g., Leha´r et al. 2000) to fit a parameterized model to the I-band image.
A well-exposed star 3.′′43 west and 3.′′94 south of NE was used as an empirical PSF. (Although this
star might appear overexposed in Figures 1 and 2, this is due only to the chosen scaling of gray
levels.)
Our model consisted of point sources representing: S1, NE, the central bulge of G, and all stars
within 5′′ of NE. We estimate the uncertainty in each coordinate of the G–NE separation to be
4 milliarcseconds, which is the variance of the separations obtained by individually fitting the four
I-band exposures. The result did not change significantly when the empirical PSF was replaced by
a theoretical “Tiny Tim” PSF (Krist & Hook 1997), nor when G was represented as a Gaussian
or de Vaucouleurs profile instead of a point source. The results are given in Table 1, which also
summarizes the basic data for PKS 1830–211 drawn from this work and the literature.
We applied the same model to the V -band image, but fixed the relative positions at the I-
band values and allowed only the fluxes to vary. The fluxes of the point sources were converted to
magnitudes using the zero points and CTE correction formulae of Dolphin (2000)6. The results are
given in Table 2. The quoted error is the quadrature sum of the variance obtained by fitting the
separate exposures, and 0.04 due to PSF subtraction. They do not include an overall uncertainty
of ∼ 0.05 due to zero points and CTE correction.
5Data from the NASA/ESA Hubble Space Telescope (HST) were obtained from the Space Telescope Science
Institute, which is operated by AURA, Inc., under NASA contract NAS 5-26555.
6As updated on the web site of A. Dolphin, http : //www.noao.edu/staff/dolphin/wfpc2 calib/, referenced 2001
November 15.
